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The  estimation  of  sulphuric  acid  as  barium  sulphate  is  a 
determination  which  has  received  considerable  attention  from  some 
investigators  during  recent  years,  owing  to  the  fact  that  in 
prdinary  analytical  work  many  substances  ate  present  which  give 
erroneous  results.     In  reviewing  the  literature  it  is  found  that 
not  only  do  interfering  substances,  as  other  metals  and  their 
salts,  give  unreliable  results  but  other  conditions  influence  the 
amount  of  barium  sulphate  found.     Some  of  these  conditions  are  as 
follows:    manner  of  precipitation,  amount  of  free  acid  present, 
temperature  of  the  solutions  at  the  time  of  precipitation  and 
amount  of  water  used  in  washing  the  precipitate. 

The  first  paper  on  the  precipitation  of  sulphuric  acid  as 
barium  sulphate,  of  which  record  was  found,  was  published  in  1871 
by  E.P.Te schema cher  and  J.D.Smith,    and  was  entitled,  "Estimation 
of  Sulphur  by  Barium."    The  authors  experimented  on  different 
substances  and  decided  that  the  results  were  untrustworthy  and 
could  only  approximate  accuracy,  when  the  weight  of  barium  sul- 
phate obtained  chanced  to  be  compensated  by  an  imperfect  purifica- 
tion from  adherent  salts.     The  first  point  noticed  was  that  barium 
sulphate  is  notably  soluble  in  hot,  but  moderately  soluble  in 
dilute  hydrochloric  acid  for  when  the  filtrate  stood  for  a  few 
hours,  the  sides  and  bottom  of  the  vessel  was  covered  with  *  thin 
film  of  barium  sulphate, 

The  authors  state  that  before  this  time  little  attention 
had  been  paid  to  the  fact  that  barium  sulphate  carries  down  other 
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salts  in  solution,  also  that  "barium  chloride  adheres  to  the  sul- 
phate, and  the  sulphate  is  reduced  when  heated  to  redness. 

Experiments  were  carried  on  with  ferrous  sulphate  which 
gave  high  results.    Next,  the  ferrous  sulphate  was  oxidized  with 
nitric  acid  and  this  gave  low  results.    Finally,  the  authors  decid 
ed  that  the  gravimetric  method  could  not  be  relied  upon  and  adopt- 
ed the  volumetric  method  for  pyrite  analysis. 
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The  main  facts  of  a  paper  published  by  Otto  Folin  are 
divided  into  eight  parts. 

X.      Chemical  Composition  of  Barium  Sulphate  Precipitates. 
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The  work  of  Hulett  and  Duschak    has  shown  that  barium 

sulphate  precipitates  occlude  barium  chloride  and  contain  chlorine 

in  some  combination.     This  combination  is  thought  to  be:- 

BaClv  HS04 

/S04    and  ^>Ba. 
BaClx  KSOf 

II.    Physical  Condition  of  Barium  Sulphate  Precipitates. 
The  author  states  that  it  is  the  universal  opinion 
that  precipitates  take  the  shape  of  minute  amorphous  particles. 
He  adds  that  it  is  not  a  difficult  matter  to  obtain  at  once  good 
sized  well  developed  crystals.    All  that  is  neaessary  is  to  have 
the  sulphate  and  barium  chloride  solutions  dilute  and  add  the 
barium  chloride  drop  by  drop.    However,  a  two  per  cent  solution 
of  barium  chloride  can  be  dumped  into  a  sulphate  solution  and  yield 
large  crystals.     The  precipitates  need  not  be  digested  and  filtra- 
tion can  be  done  as  soon  as  the  solutions  are  cold,  except  where 
it  is  necessary  to  wait  for  complete  precipitation, 


3 

III.  Ptecipitation  of  Barium  Sulphate  in  the  Heat. 
The  author  states  above  that  in  order  to  secure 

crystalline  precipitates  which  filter  clear  the  barium  chloride 
and  sulphate  solutions  must  be  dilute.    Fresenius  recommends  one 
milligram  of  barium  sulphate  per  cubic  centimeter  and  it  should 
not  be  over  two  milligrams  per  cubic  centimeter  of  solution.  Ten 
percent  barium  chloride  is  the  strongest  concentration  necessary 
and  it  should  not  be  added  faster  than  five  c.c.  per  minute.  Not 
over  ten  c.c.  and  generally  five  c.c.  are  used  as  a  slight  excess 
is  sufficient.    This  latter  amount  is  sufficient  to  precipitate 
0.5  gram  of  barium  sulphate.     The  author  recommends  that  from  five 
to  ten  cubic  centimeters  of  a  ten  per  cent  solution  of  barium 
chloride  added  drop  by  drop  to  a  hot  sulphate  solution  in  from  two 
to  ten  minutes  is  a  safe  rule.     In  special  cases  a  five  per  cent 
solution  of  barium  chloride  should  be  used. 

IV.  Precipitation  of  Barium  Sulphate  in  the  Cold  and  the 
Peculiar  behavior  of  Potassium  Sulphate  Solutions. 

In  this  precipitation  the  author  states  the  following 

procedure : 

Ten  c.c.  of  a  five  per  cent  solution  of  barium  chlor- 
ide were  added  to  the  sulphate  solutions  by  means  of  a  Folin  drop- 
per.    The  solutions  were  previously  diluted  to  150  c.c.  and  contain 
two  c.c.  of  concentrated  hydrochloric  acid.    During  the  addition 
of  the  barium  chloride  the  sulphate  soluti&ns  were  not  shaken  as 
that  will  lower  the  results  because  sulphuric  acid  will  volatilize 
on  ignition.    However,  the  presence  of  much  hydrochloric  acid 
causes  the  greatest  variance  of  results. 


The  author  concludes  that,  from  hot  and  cold  solutions  the 
weight  of  barium  sulphate  depends,  to  a  great  extent,  upon  the 
concentration  of  the  barium  chloride  no  matter  how  slowly  added. 

In  the  case  of  pure  potassium  sulphate  solutions  the 
barium  sulphate  may  be  determined  very  accurately  by  precipitating 
with  a  ten  per  cent  solution  of  barium  chloride  in  the  heat  or  with 
a  five  per  cent  solution  in  the  cold  without  shaking  or  stirring. 

V.  Effects  of  pot/assium  Salts  on  Barium  Sulphate  Deter- 
minations . 

Prom  exper iments  which  the  author  has  carried  on,  he 
concludes,  that  the  presence  of  one  gram  of  potassium  chloride 
gives  low  results  whether  the  precipitation  is  made  ifl  the  heat  or 
cold.     This  loss  is  attributed  to  the  fact  that  sulphuric  affid 

may  be  lost  on  ignition.    He  also  concludes  that  the  presence  of 
four  grams  of  sodium  chloride  with  each  gram  of  potassium  chloride 
will  counteract  this  effect. 

VI.  The  Influence  of  some  other  Substances  as,  Ammonium 
Chloride,  Nickelic  Chloride,  Sodium  Sulphate,  Potassiun 
Nitrate,  Sodium  Nitrate  and  Hydrochloric  Acid,  on  the 
Barium  Sulphate  Precipitates. 

The  effects  of  ammonium  chloride  are  similar  to  those 
of  pptassium  chloride  but  are  less  pronounced. 

No  effects  can  be  traced  to  the  presence  of  nickelic 
chloride  whether  it  is  alone  or  with  sodium  chloride. 

The  author  found  no  effects  when  precipitation  was  made 
in  the  presence  of  sddium  chloride  but  states  that  this  point 
needs  further  verification. 
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In  the  case  of  sodium  sulphate  the  results  found  were  too 
high,  although  the  precipitation  was  done  in  the  heat  and  in  the 
cold,  using  a  five  per  cent  solution  of  barium  chloride.  The 
presence  of  sodium  nitrate  or  potassium  nitrate  has  the  same 
effect  but  sodium  nitrate  has  the  greater  influence.     In  his  ex- 
periments the  author  has  found  that  a  certain  amount  of  uncombined 
concentrated  hydrochloric  acid  is  necessary.    However,  an  excess 
increased  the  solubility  of  the  precipitate  and  the  occlusion  of 
the  barium  chloride.    He  states  that  one  to  four  c.c.  of  concen- 
trated hydrochloric  acid  per  150  c.c.  of  solution  are  safe  limits. 

VII.  Gooch  Crucibles  vs.  Filter  Paper  in  Sulphate  Deter- 
minations . 

Prom  this  work  it  is  shown  that  the  use  of  filter 
paper  gives  greater  variations  in  results  and  a  lower  total  average 
The  reduction  of  the  sulphate  to  sulphide  seldom  happens  as  the 
barium  sulphate  precipitates  did  not  often  gain  in  weight  after 
treating  with  a  drop  of  sulphuric  acid  and  reheating.     It  was 
found  that  mechanical  losses  always  occur  which  were  less  when  the 
paper  was  charred  slowly  than  in  burning.     These  losses  sometimes 
amounted  to  one  milligram  of  barium  sulphate. 

VIII.  Filtration  and  Washing  of  Barium  Sulphate  Precipitates 
In  these  experiments  filtration  was  always  done  in  the 

cold,  and,  formerly,  hot  water  was  used  for  washing.     Since  it  was 
found  that  heat  was  not  necessary  for  precipitation,  hot  water  was 
discarded  for  washing.    When  ver£  hot  water  was  poured  on  barium 
sulphate  in  a  beaker,  it  attached  itself  to  the  glass  and  was  very 
hard  to  get  off.     This  difficulty  was  reduced  very  much  with  the 
use  of  cold  water  and  was  entirely  absent  when  the  precipitation 
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was  made  in  the  cold.  It  was  also  noticed  that  when  hot  water  as 
used  with  Gooch  crucibles,  the  sudden  expansion  of  the  air  loosen- 
ed the  asbestos  mat. 

Further   vork  has  been  done  on  the  comparison  of  the  Gooch 
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crucible  with  the  filter  paper  method  by  S.F.Acree,     From  his 
experiments  he  has  concluded  that  barium  sulphate  is  easily  reduced 
to  the  sulphide  and  is  not  easily  converted  into  the  sulphate  by 
treating  with  sulphuric  acid  or  hot  oxygen.    He  also  maintains  that^ 
in  barium  sulphate  determinations,  the  results  can  be  systematical- 
ly too  low  on  account  of  reduction,  when  the  wet  filter  paper  is 
dried  and  burned  in  one  operation. 

The  study  of  the  presence  of  chlorine  in  barium  sulphate 
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was  taken  up  by  G.A.Hullett  and  L.H.Duschak. 

These  investigators  state  that  barium  sulphate  precipitated 
by  barium  chloride  may  contain  one  per  cent  of  chlorine,  and  no 
noticeable  loss  of  chlorine  is  occasioned  by  washing.  However, 
some  occluded  barium  chloride  near  the  surface  is  removed,  yet  the 
percentage  content  of  chlorine  does  not  depend  upon  the  extent  of 
the  surface  of  the  precipitate.    Neither  was  it  proven  that  there 
is  any  proportion  between  the  chlorine  content  and  the  barium 
chloride,  or  the  hydrochloric  acid  concentration,  but  the  amount  of 
chlorine  increased  with  an  increase  of  acid. 

In  heating  it  was  found  that  barium  aulphate  containing 
chlorine  underwent  no  dimunition  in  weight  when  dried  below  300°, 
above  325°  loss  took  place  which  continued  to  600°.    Heated  at  700° 
the  residue  became  neutral  but  above  900°  chlorine  was  lost  and  it 
changed  to  alkaline  reaction. 

Another  paper  similar  to  the  above  was  published  by 
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Richards  and  Parker . 

In  their  experimental  work  they  first  determined  the 
strength  of  the  sulphuric  acid  by  titration  against  a  standard 
alkali.    After  long  standing  the  precipitates  were  washed  with 
water  until  free  from  acids  and  the  dissolved  barium  sulphate  was 
recovered  by  evaporation.    Finally,  the  barium  sulphate  was  fused 
with  sodium  carbonate,  the  aqueous  extract  acidified  with  nitric 
acid  and  the  chlorine  precipitated  by  silver  nitrate. 

Through  all  the  experiments  the  precipitation  took  place 
at  the  boiling  point,  the  precipitates  were  digested  an  hour  each 
and  were  washed  with  nearly  a  liter  of  boiling  water.     In  all 
cases  but  two  the  barium  chloride  was  run  down  the  side  of  the 
beaker  in  a  small  stream  with  continual  stirring.     In  these  two 
experiments  the  barium  chloride  was  poured  in,  this  gave  the 
greatest  impurity  in  the  precipitates. 
Conclusions : 

1.  Occlusion  of  barium  chloride  in  barium  sulphate  may 
lead  to  a  very  serious  error. 

2.  The  amount  of  occlusion  is  greater  in  concentrated 
than  in  dilute  solutions.     This  amount  seeras  to  be  due  to  the  amourt 
of  chlorine  rather  than  barium  therefore,  it  is  greater  in  pres- 
ence of  hydrochloric  acid  and  when  the  sulphate  solution  is  poured 
into  a  barium  salt  solution. 

3.  Under  usual  conditions  of  careful  precipitation  in 
presence  of  a  small  amount  of  free  acid,  the  error  from  occlusion 
1b  almost  balanced  by  the  solubility  of  barium  sulphate  in  acids 
and  water,  which  solubility  must  be  considered. 
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4.     The  error  due  to  occlusion  may  be  corrected  by  deter- 
mining chlorine  in  the  precipitate  and  subtracting  the  corres- 
ponding weight  of  barium  chloride  from  the  total  weight  of  the 
precipitate . 

Further  work  on  the  occlusion  of  barium  chloride  was  done 
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in  the  "Deter" mina tion  of  Sulphuric  Acid  in  Copper  Sulphate".  In 
this  investigation  the  barium  sulphate  was  precipitated  from  a 
boiling  solution  of  copper  sulphate,  strongly  acidified  with 
hydrochloric  acid.    After  weighing  the  precipitate  it  was  fused 
with  sodium  carbonate,  then  lixiviated  with  boiling  water  and 
sodium  carbonate  solution  and  the  chlorine  was  precipitated  as 
silver  chloride. 

The  author  states  that  traces  of  barium  sulphate  and  silver 
chloride  must  have  dissolved  but  these  errors  tend  to  balance  each 
other . 

The  weight  of  barium  chloride  calculated  from  the  chlorine 
found  in  the  precipitate,  and  subtracted  from  the  original  weight 
of  barium  sulphate,  gave  the  correct  per  cent  of  sulphuric  acid 
in  copper  sulphate.     Tuis  result  agreed  with  the  amount  of  copper 
found  electrolytically .    A  trace  of  copper  was  foupd  in  the  preci- 
pitate showing  that  cupric  chloride  is  not  occluded  to  any  consid- 
erable extent. 

The  influence  of  the  presence  of  other  substances  upon 

the  weight  of  barium  sulphate  found,  was  investigated  by  G. Lunge 
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asad  R.Stierlin. 

The  authors  have  examined  the  influence  of  various  substancB 
said  to  effect  tie    accuracy  of  the  results.     >j;hey  &ave  found  that 
copper  when  present  in  pyrites  introduces  no  error.    Zinc  in  large 
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proportions  gave  low  results  as  barium  sulphate  is  soluble  in  the 
ammonium  salts  necessary  to  hold  zinc  in  solution. 

This  confirmed  the  statement  of  Hintz  and  weber,  that, 
in  the  presence  of  salts  of  potassium,  sodium  or  ammonium,  the 
barium  sulphate  always  contains  alkali  precipitate.     The  ammonium 
sulphate  volatilizes  on  ignition  giving  a  low  sulphur  content  in 
each  case. 

Hintz  and  Weber  found  in  their  investigations,  that  by 
adding  the  barium  chloride  all  at  once,  the  above  errors  were  com- 
pensated. 

The  amthors  recojamend  the  following  procedure:     Twenty  c.c. 
of  a  ten  per  cent  solution  of  barium  chloride  is  diluted  £o  100 
c.c,  heated  to  boiling  and  poured  rapidly  into  the  solution  to  be 
precipitated. 

M. Ripper,  in  his  work  on  the  "Gravimetric  Estimation  of 
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Sulphuric  Acid",     found  that  barium  sulphate  carried  down  other 
substances,  notably  potassium  salts  which  were  not  easily  removed 
by  washing.    The  washed  precipitates  were  brought  while  moist  on 
the  filter  into  a  platinum  crucible  and  ignited.     The  barium  sul- 
phide was  converted  into  the  sulphate  by  bromine  water.     Two  or 
three  drops  of  hydrochloric  acid  were  added  and  the  warming  con- 
tinued for  ten  minutes.     Then  the  precipitate  was  washed  by  de- 
cantation  thereV/  removing  the  other  substances  which  the  barium 
sulphate  carried  down.    The  filter  through  which  this  water  was 
poured  was  burned  and  the  ash  treated  with  bromine  water. 

The  "Effect  of  an  Excess  of  Reagent  in  the  Precipitation 
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of  Barium  Sulphate"  was  investigated  by  C.W.Poulk.      He  carried 
on  a  large  number  of  experiments  to  determine  the  best  way  to 
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precipitate  barium  sulphate  and  concluded  that  the  best  results 
were  obtained  with  a  150  c.c.  volume ,  thirty  c.c.  of  hydrochloric 
acid  and  not  stirring  the  precipitates  after  they  were  thrown  down. 
This  large  excess  of  acid  gave  coarse  crystalline  precipitates 
which  can  be  filtered  at  once  but  always  contained  occluded  barium 
chloride.    His  reason  for  using  this  large  excess  of  acid  was, 
that  the  barium  sulphate  obtained  by  precipitating  sulphuric  acid 
by  a  barium  salt  is  fine  and  the  greater  the  amount  of  hydrochloric 
acid  present,  the  coarser  is  the  precipitate.    No  reduction  to 
sulphide  took  place  if  the  precipitate  was  ignited  by  folding  up 
the  moist  filters,  putting  them  in  platinum  crucibles  precipitate 
end  up,  and  charring  the  paper  away  without  letting  the  crucible 
become  red  hot. 
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For  the  estimation  of  sulphates  in  urine  Otto  Polin 

recommends  the  following  procedure  as  giving  the  best  results. 

Five  c.c.  urine,  0.2  gram  potassium  chlorate,  and  four  c.c.  of 

hydrochloric,  sp.  gr .  1.20,  are  boiled  fifteen  to  twenty  minutes. 

Twenty-five  B.C.  of  a  six  per  cent  solution  of  barium  chloride 

are  added  and  the  mixture  kept  hot  for  forty  fige  minutes,  then 

filtered.    The  precipitate  is  washed  with  hot  water  and  a  few 

times  with  hot  five  per  cent  solution  of  ammonium  chloride.  The 

moist  filter  is  transferred  to  a  weighed  crucible,  two  or  three 

c.c.  of  alcohol  added  and  ignited. 

In  his  work  on  the  determination  of  sulphur  in  pyrites, 
11 

P. S. Gladding  "has  found  that  it  is  absolutely  necessary  to  add  the 
barium  chloride  drop  by  drop  in  order  to  avoid  its  occlusion.  In 
the  analysis  of  pyriteB  more  concordant  results  were  obtained  by 
this  method  and  in  the  analysis  of  pure  sulphate  solutions  very 
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nearly  theoretical  values  werj  obtained,  while  the  sudden  addition 
of  barium  chloride  gave  results  which  were  too  high  and  not  con- 
cordant.   Further  proof  of  this  work  was  obtained  in  a  second 
series  of  experiments,  in  which  the  precipitates  w»re  fused.  The 
amount  of  barium  chloride  was  calculated  from  the  weight  of  silver 
chloride  found  and  this  amount  subtracted  from  the  original  weight 
of  barium  sulphate.     This  gave  results  close  to  the  theoretical 
values . 
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N.G.Lane    in  his  investigations  upon  the  determination  of 

sulphuric  acid  has  further  substantiated  the  above  work  of  Bladding 

He  used  nearly  normal  sulphuric  acid  and  the  precipitation  was 

done  by  adding  the  barium  chloride  quickly  and  by  drops. 

In  a  paper  published  by  G. Lunge,   "On  the  Estimation  of 
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Sulphur  in  Pyrites",     he  maintains  that  precipitation  by  adding 

barium  chloride  quickly  and  by  drops  will  give  the  same  results. 

In  his  work  he  has  found  that  there  is  only  0.1  per  cent  difference 

in  the  results  obtained  in  both  procedures. 

For  the  precipitation  of  sulphuric  acid  as  barium  sulphate 
14 

Treadwell    gives  the  following  procedure.    One  c.c.  of  concentrated 
hydrochloric  acid  is  added  to  a  volume  of ^300  c.c.  of  solution. 
The  solution  is  heated  to  boiling  and  boiling  hot  barium  chloride 
is  added  drop  by  drop  with  constant  stirring.    One  or  two  c.c.  of 
reagent  in  excess  is  added  and  the  precipitate  is  allowed  to  settle 
on  the  water  bath.     Immediately  after  the  precipitate  has  settled 
it  can  be  filtered  and  the  precipitate  is  washed  with  hot  water 
four  times  by  decantation,   then  <n  the  filter  until  free  from 
chlorides . 
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Conclusions : 

1.  Barium  chloride  is  occluded  when  added  rapidly  and  in 

excess . 

2.  Barium  sulphate  will  contain  potassium  sulphate  when 
potassium  salts  are  present  in  excess. 

3.  Sodium  saltB  seem  to  have  no  effect. 

For  the  determination  of  sulphur  in  silicate  and  carbonate 
15 

rocks  W.F.Hillebrand      recommends  that  precipitation  be  done  in 

the  heat  with  an  excess  of  barium  chloride. 

16 

H.  W.Wiley    gives  the  following  procedure  for  the  deter- 
mination of  sulphuric  acid.     Slightly  acidify  the  solution  with 
hydrochloric  acid,  then  heat  to  boiling  and  add  tirop  by  drop  a  ten 
per  cent  solution  of  barium  chloride  until  no  further  precipitation 
takes  place.    Continue  boiling  for  five  minutes  longer  and  allow 

to  stand  for  five  hours  or  more  in  a  warm  room  before  filtration. 

After  studying  the  above  literature  the  following  tentative 
outline  was  adopted,  as  these  points  seemed  to  require  further 
s  tudy . 

I.  The  physical  condition  of  barium  sulphate  precipitates. 

2.  The  precipitation  of  barium  sulphate  in  the  heat. 

3.  The  precipitation  of  barium  sulphate  in  the  cold. 

4.  The  peculiar  behavior  of  potassium  sulphate  solutions. 

5.  The  effects  of  potassium  salts  on  sulphate  determina- 

tions . 

6.  The  influence  of  other  salts  on  barium  sulphate  preci- 
pitates, e.g.  ammonium  chloride,  nickelic  chloride, 
sodium  sulphate,  potassium  nitrate  and  sodium  nitrate. 

7.  The  influence  of  variable  amounts  of  hydrochloric  acid 
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on  the  sulphate  precipitates. 

8.  The  influence  of  time  between  precipitation  and  filtra- 
tion of  the  suiphate. 

9.  The  influence  of  agitation  or  no-agitation  during 
precipitation. 

10.  The  effect  of  the  manner  in  which  the  barium  chloride 
is  delivered  into  the  sulphate  solution,  that  is,  by 
dropping,  pouring  or  "dumping". 

11.  The  use  of  Gooch  crucibles  versus  filter  papers  in  the 
sulphate  determinations,  as  regards  accuracy  and  saving 
of  time. 

12.  The  best  conditions  of  filtration  and  washing  of  barium 
sulphate  precipitates. 

Some  preliminary  experiments  were  carried  out  according 
to  this  outline  and  from  the  results  obtained  it  was  decided  that 
a  detailed  study  of  the  following  points  was  most  essential  at 
this  time. 

1.  The  precipitation  of  barium  sulphate  in  the  heat. 

2.  The  precipitation  of  barium  sulphate  in  the  cold. 

3.  The  effects  of  potassium  nitrate  on  sulphate  deter- 
minations . 

4.  The  effects  of  varying  amounts  of  sodium  chloride 
on  sulphate  determinations. 

5.  The  effects  of  sodium  nitrate  on  sodium  sulphate 
determinations . 
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EXPERIMENTAL  WORK. 
In  this  investigation,  potassium,  sodium  and  mixed  sulphate 
solutions  were  used.     The  potassium  and  sodium  sulphates  were 
heated  to  redness  in  platinum  dishes  for  two  hours,  cooled,  and 
an  amount  accurately  weighed  out  so  that  twenty-five  c.c.  of  the 
solutions  were  theoretically  equivalent  to  175  milligrams  of  barium 
sulphate.     The  mixed  sulphate  solution  contained  one  part  potassium 
oxide  to  two  parts  sodium  oxide  and  the  same  concentration  of  SO^ 
as  the  above  solutions.    Prom  preliminary  experiments  it  was  found 
that  more  concordant  results  were  obtained  by  adding  the  sodium 
chloride  in  the  form  of  a  solution  rather  than  crystals.  According- 
ly, three  solutions  of  different  concentrations  were  made  up, 
namely,  five,  ten  and  fifteen  grams  of  sodium  chloride  per  fifty 
c.c.  of  solution.     This  sodium  chloride  as  well  as  the  other  re- 
agents used,  were  tested  and  found  to  be  free  from  sulphates.  A 
twenty  per  cent  solution  of  potassium  nitrate  was  used,  therefore 
ten  c.c.  of  this  solution  contained  two  grams  of  potassium  nitrate. 
All  volumes  for  precipitation  were  approximately  150  e.c,  con-- 
tained  two  c.c.  of  concentrated  hydrochloric  acid,  and  the  preci- 
pitation was  produced  by  adding  ten  c.c.  of  a  five  per  cent  solution 
of  barium  chloride,  by  means  of  a  Folin  dropper. 

In  the  main,  the  procedure  was  as  follows: 
Twenty-five  c.c.  of  the  sulphate  solution  were  measured 
from  a  burette  into  a  250  c.c.  beaker.     Two  c.c.  of  concentrated 
hydrochloric  acid  were  added,  the  volume  made  up  to  150  c.c.  and 
the  precipitation  was  done  as  stated  above.    Experiments  in  which 
potassium  nitrate  or  sodium  chloride,  or  both>  were  used,  ten  c  5. 
of  the  former  and  fifty  c.c.  of  the  latter  were  added  Eefore  the 
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volume  was  made  $rp  to  150  c.c.     The  precipitated  solutions  were 
allowed  to  stand  undisturbed  for  twenty-four  to  forty-eight  hours, 
after  which  they  were  filtered.     In  the  first  twenty-two  experi- 
ments the  filtration  was  done  through  weighed  Oooch  crucibles.  In 
the  making  of  the  mats  for  the  Gooch  crucibles,  enough  asbestos 
was  used  so  that  it  was  necessary  to  use  strong  suction  to  force 
water  through  the  asbestos  in  rapid  drops,  when  six  crucibles  were 
united  in  a  series.     The  asbestos  was  washed  entirely  free  from 
chlorides,  after  which  the  crucibles  were  dried  for  an  hour  in  an 
air  oven.    Then  they  were  placed  on  flat  nickel  crucible  covers 
which  were  supported  over  Bunsen  burners,  heated  with  a  full  flame 
for  twenty  minutes,  cooled  an  hour  and  weighed.     The  precipitaltes 
were  washed  entirely  free  from  chlorides,  carefully  dried  and  ig- 
nited in  the  same  manner. 

In  experiments  twenty-three  to  thirty- three  inclusive,  the 
filtration  was  done  through  S&S  9  cm.  blue  ribbon  filters  and  the 
precipitates  washed  entirely  free  from  chlorides.     The  moist  filters 
were  folded,  placed  in  weighed  porcelain  crucibles  with  the  preci- 
pitate end  up  and  immediately  burned.    For  ignition  the  crucible 
lids  were  placed  on  the  crucibles  so  as  to  leave  only  small  openings 
and  the  crucibles  were  placed  upon  flat  nickel  crucible  covers  which 
were  supported  over  Bunsen  burners.    By  using  a  very  low  flame  at 
first,  the  filter  papers  were  dried  and  charred  without  any  danger 
of  burning  with  a  flame.    After  the  paper  had  thoroughly  charred,  tlf 
crucible  lids  and  nickel  covers  were  removed  and  the  crucibles  with 
their  contents  were  inclined  on  pipe  stem  triangles  and  were  care- 
fully heated  until  the  barium  sulphate  was  white.     The  crucibles  wwib 
then  cooled  forty  minutes  and  weighed  to  constant  weight. 
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Exp 
No. 


1. 


Sulphate 
Solution 


N/lO 

*>so4 


Precipitation  Precipitation  Per  cent,  hot 
in  the  heat        in  the  cold  precipitation 


Average 


2. 


Na  SO 

2  4 


3. 


4. 


5. 


6. 


7. 


8. 


BaSO 

BaSO. 

of  cold 

MgS  4 

McS 

precipitation 

173.9 

173.7 

175.0 

174.3 

175.4 

174.4 

175.5 

174.9 

174  .9 

174  .3 

J.UU  •  Oft 

175.8 

176.1 

176.0 

176.8 

176.4 

177.0 

177.0 

177.3 

1^7  6  ^ 

1  H  (y  ft 

QQ  "71 

175.0 

176.1 

175.0 

176.2 

175.3 

176.5 

176.8 

176.8 

175  .5 

176.4 

99  .49 

186.3 

196.3 

186.5 

196.3 

95.36 

188.0 

196.6 

corrected 

188.6 

196.6 

96.36 

io  t  •  O 

ISO  ■  t 

182.3 

193.0 

182.3 

194.6 

182.4 

195.0 

93.46 

185.2 

200.5 

corrected 

loo  .  0 

195  . 8 

94.46 

185.1 

183.1 

186.4 

183.4 

186.7 

183.6 

101.19 

185.4 

corrected 

186.1 

183  .9 

102. 19 

179.8 

178.3 

180.3 

180.6 

#84.0 

181.3 

100 . 60 

185.1 

183.5 

corrected 

182.0 

180.9 

101.60 

185.5 

193.7 

185.7 

194.4 

186.6 

196.2 

187.4 

196.5 

186.3 

195.2 

95.44 

Average 


K  SO 

2  4 

Average 


Na  SO, 
2  4 

Average 


Na  SO 
2  4 

Average 


Na  SO 

2  4 

Average 


Na  SO 

2  4 

Average 


*gS04 
Average 

Experiments  4,5,  6  and  7  precipitated  in  the  cold  contained 
one  per  cent  more  SO,  than  those  precipitated  in  the  heat. 
The  corresponding  correction  will  be  made. 


Table  I  Continued. 


Exp.  Sulphate 

Per  cent  hot 

No.  Solution 

in  the  heat 

in  the  cold 

precipitation 

Ba  SO4 

BaSft 

of  cold 

MgS 

MgS 

precipitation. 

9 

183  .0 

193  .4 

185.2 

195.1 

«!S04 

186.9 

195.9 

-ion  /? 

187  . 6 

196  .2 

Average 

185  . 6 

195  .1 

95  .13 

10 .  " 

184  .1 

178.0 

185  .3 

178.2 

186.1 

179.1 

186.2 

179.2 

Average . 

185  .4 

178.6 

103 . 80 

11  M 

1£4>  1 

179.7 

184.5 

180.6 

184.5 

180.9 

185  .4 

181.4 

Average 

^84 . 6 

180.6 

102.21 

12 .  mixed 

174  .0 

176.3 

174.5 

176.4 

174.9 

176.5 

174.9 

176.  6 

Average 

174.6 

176.4 

98.98 

13 .  " 

174  .6 

173  .5 

174.6 

173.8 

175.1 

174.0 

175  .3 

174  .8 

Average 

174  .9 

174  .0 

100.51 

14 .  " 

183 . 6 

195 . 6 

184  .3 

196.4 

184.3 

196.9 

184.8 

197.4 

Average 

184  .2 

196 . 6 

93 . 69 

15 .  w 

181.0 

192.6 

182  .6 

194  ,3 

182.3 

195.6 

185  .0 

197  .1 

Average 

182.7 

194  .9 

93 . 74 

16.  " 

181.8 

179  .3 

183  .2 

180.  6 

183.4 

181.0 

183.7 

182.4 

Average . 

183.0 

180.8 

101.21 

Exp.     Sulphate    Precipitation    Precipitation      Per  cent  hot 
N0,      Solution    in  the  heat        in  the  cold  precipitation 

MgS  MgS  of  cold 

precipitation. 


17 .  mixed 

177  .0 

180.7 

179.3 

183.0 

181 .2 

184  .2 

182 . 1 

185.9 

Average 

179  .9 

183.4 

98.71 

18.        Na  SO 

175.6 

178.1 

176.0 

178.7 

X  r  o  <  9 

±  /  y  •  u 

177.0 

179  .2 

Average 

176.4 

178.7 

98.71 

19.        Na  SO 

183.9 

191.1 

183.9 

191.2 

1 Q1  ft 

187.2 

191.8 

Average 

185.2 

191.4 

96.76 

20.  ■ 

185.8 

185.3 

185.9 

189.6 

1  8Q  fi 

IDs  lU 

186.5 

191.1 

Average 

186.1 

188.9 

98.51 

21.  » 

183.0 

178.5 

184.8 

178.6 

iOJ  .  & 

185.8 

182.2 

Average 

184.6 

180.1 

102.49 

op  If 

176.5 

171.1 

177.9 

171.4 

181.8 

172.1 

182.7 

Average 

179.7 

171.5 

104.77 

23.  " 

175.0 

175.8 

175.0 

175.8 

175.4 

176.4 

177.3 

Average , 

175.1 

176.3 

99.31 

19 

The  results  on  the  first  part  of  this  investigation  are 
tabulated  in  detail  in  Table  I.     In  comparing  the  Besu^ts  obtained 
by  precipitation  in  the  heat  with  those  precipitated  in  the  cold, 
it  is  clearly  evident  that  no  general  law  can  be  deduced.  How- 
ever it  would  seem  that  precipitation  in  the  heat  will  give  lower 
results  than  precipitation  in  ihe  cold.     For  in  fourteen  of  th.* 
experiments,  this  is  the  case,  while  in  nine  of  the  experiments 
the  results  obtained  in  precipitation  in  the  cold  were  lower  than 
those  obtained  in  precipitation  in  the  heat.     In  experiments 
Nos.  1,2  and  3  pure  sulphate  solutions  were  used  and  it  is  apparent 
that  there  is  very  little  difference  between  the  results  obtained 
in  both  procedures. 

This  study  will  be  taken  up  again  in  connection  with 
Table  II  as  different  amounts  of  salts  were  present  in  the  other 
experiments,  and  at  this  point  it  seems  necessary  to  take  this 
into  consideration. 


Table  II 


20. 


Results  showing  the  influence  of  potassium  nitrate  and 
sodium  chloride  upon  the  weight  of  barium  sulphate  found.     Two  grams 
of  potassium  nitrate  are  present  in  all  experiments.     The  amount  of 
sodium  chloride  in  each  is  indicated. 


Exp.  Sulphate  NaCl  Pr«*ip.-wr.i» 
No.     Solution   q-*  -^^Ke^t 

BaS04 
MgS 


4. 


NaSO 


average 


186.3 
186.5 
188.0 
188.6 
187.3 


Var'iaTio^       Per  cevCt 

1,S. 


176.3) 


11.0 


6.24 


Pvee".f>"T«T,  a ~  Va»'wT'  •'  Per    C  C 


BaSO 

MgS 


196.3 
196.3 
196.6 
196.6 
196.* 


17.7 


9.91 


5-  "  182.3  193.0 

182.3  194.6 
5.         182.4  195.0 

185.2  200.5 

average  183.0  6.7        3.80        195.8        17.1  9.57 


6.  "  185.1  183.1 

186.4  183.4 
10.         186.7  183.6 

185.4 

average  186.1        9.8        5.55        183.9         5.2  2.91 


7.  ■  179.8  178.3 

180.3  180.6 
15.         184.0  181.3 

185.1  183.5 

average  182.0  5.7        3.23        180.9         2.2  1.23 


8.  K£S04                   185.5  (/aw\~                      193.  T 

185.7  T^eTLCA                  194  A 

186.6  175.5)     6.15        196.2        18.8  10.70 

187.4  196.5 

average                         186.3  10.8  195.2 

9.  "                        185.0  193.4 

185.2  195.1 

5.         186.9  195.9 

187.6  196,2 

average                         185.6  10.1    6.03         195.1        18.7  lffl.60 


21 


Table  II.  Continued. 


Exp.  Sulphate  NaCl 


No.  Solution 


grs. 


BaS04 
MGS 


P«.ve*vOt 

iVkC  v  (ait 


*- 1 1  c  r>\TaT  i .  i 

BaS04 
MgS 


10.  K2S04 


a  verage 


10. 


184.1 
185.3 
186.1 
186.2 
186.4 


9.9 


5.64 


178.0 
178.2 
179.1 
179.2 
178.6 


2.2 


1.25 


11. 


average 


15. 


184.1 
184.5 
184.5 
185.4 
184.6 


9.1 


5.18 


179.7 
180.6 
180.9 
181.4 
180.6 


4.2 


2.38 


14 .  Mixed 


average 


183.6  tva\^~ 
184.3 

184.3  174.6) 
184.8 

184.2  9.6 


5.50 


195.6 

196.4 

196.9  176.4) 
197.4 

196.6  20.2 


11.41 


15. 


average 


5. 


181.0 
182.6 
182.3 
185.0 
182.7 


8.1 


4.64 


192.6 
194.3 
195.6 
197.1 
194.9 


18.5 


10.52 


16. 


average 


10. 


181.8 
183.2 
183.4 
183.7 
183.0 


8.4 


4.81 


179.3 
180.6 
181.0 
182.4 
180.8 


4.4 


2.49 


17. 


average 


15. 


177.0 
179.3 
181.2 
182.1 
179.9 


5  .3 


3.04 


180.7 
183.0 
184.2 
185.9 
183.4 


7.0 


3.97 
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She  twelve  experiments  in  Table  II  show  what  effects  the 
presence  of  two  grams  of  potassium  nitrate  and  varying  amounts  of 
sodium  chloride  have  upon  the  weight  of  barium  sulphate  obtained. 
In  experiments  Nos.  4,  18  and  14,  potassium  nitrate  only  is  present 
in  the  sulphate  solutions,  and  it  is  clearly  evident  that  this 
increases  the  weight  of  barium  sulphate  whether  the  precipitation 
takes  place  in  the  heat  or  in  the  cold.     In  the  other  experiments 
varying  amounts  of  sodium  chloride  are  present  with  the  potassium 
nitrate,  and  it  will  be  noticed  that  any  amount  of  it  tends  to 
counteract  the  influence  of  the  potassium  nitrate. 

With  sodium  sulphate  solutions  the  presence  of  potassium 

nitrate  increased  the  weight  of  barium  sulphate  by  6.24  per  cent 

when  precipitation  took  place  in  the  cold.     The  maximum  reduction 

of  this  increase  was  obtained  by  the  presence  of  fifteen  grams 

of  sodium  chloride,  or  a  ratio  of  seven  and  one  half  to  one,  which 

gave  results  3.23  per  cent  too  high.     In  the  case  of  precipitation 

in  the  cold,  the  presence  of  the  nitrate  increased  the  weight  of 

barium  sulphate  by  9.91  per  cent  and  the  same  amount  of  sodium 

chloride  as  above,  gave  the  maximum  decrease.     These  results  are 
per  cent 

1.23,a  greater  than  those  found  in  the  absence  of  added  salts  and 
are  two  per  cent  lower  than  those  obtained  in  the  hot  precipita- 
tion. 

With  potassium  sulphate  solutions  the  presence  of  potassium 
nitrate  increased  the  weight  of  barium  sulphate  by  6.15  per  cent 
when  precipitation  took  place  in  the  heat  and  the  presence  of 
sodium  chloride  did  not  materially  counteract  this  influence. 
The  greatest  reduction  of  this  increase  was  effected  by  the  pre- 
sence of  fifteen  grams  of  sodium  chloride.     These  results  are  5.18 
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per  cent  higher  than  those  obtained  with  the  pure  potassium  sul- 
phate solution. 

In  the  cold  precipitation  very  differeht  conditions  appear 
to  be  present.     The  presence  of  potassium  nitrate  has  a  decided 
influence  on  the  weight  of  barium  sulphate  found  as  it  increased 
the  amount  10.70  per  cent.     However,  the  addition  of  ten  grams  of 
sodium  chloride  with  the  potassium  nitrate,  or  a  ratio  of  five  to 
one,  decreased  this  to  1.25  per  cent,  which  is  the  maximum  decrease 

In  the  case  of  the  mixed  sulphate  solutions,  the  Besults 
are  very  similar  to  those  obtained  with  the  potassium  sulphate 
solution.    Potassium  nitrate  increased  the  weight  of  barium  sul- 
phate precipitate  by  5.50  per  cent  when  precipitation  took  place 
in  the  heat,  and  a  maximum  reduction  of  this  increase,  to  3.05  per 
cent,  was  effected  by  the  addition  of  fifteen  grams  of  sodium 
chloride,  when  the  precipitation  took  place  in  the  cold  the  in- 
fluence of  potassium  nitrate  was  very  marked  as  it  increased  the 
weight  of  barium  sulphate  by  11.41  per  cent,    as  in  the  case  of 
the  potassium  sulphate  solution,  the  maximum  reduction  was  accom- 
plished by  the  addition  of  ten  grams  of  sodium  chloride.  These 
conditions  gave  results  2.49  per  cent  higher  than  those  obtained 
when  the  pure  sulphate  solution  was  used. 

In  the  further  discussion  of  the  data  in  Table  II,  the 
effects  of  precipitation  in  the  heat  and  in  the  cold  will  be 
considered  along  with  the  influence  of  potassium  nitrate  and 
varying  amounts  of  sodium  chloride.     It  is  evident  from  the  re- 
sults obtained  that,  with  one  exception,  the  different  mixtures 
of  sulphate,  potassium  nitrate  and  sodium  chloride  solutions  fall 
into  two  classes,  one  constantly  giving  higher  results  than  the 
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other.    When  the  sulphate  precipitation  was  made  in  the  cold  and 
in  the  presence  of  two    'rams  of  potassium  nitrate  and  tmn  grams  of 
sodium  chloride,  or  two  grams  of  potassium  nitrate  and  fifteen 
^rams  of  sodium  chloride,  the  weight  of  barium  sulphate  obtained 
was  lower  than  when  precipitation  was  made  in  the  heat.  In 
addition  to  this,  these  results  vere  nearest  the  theoretical  values 
In  all  the  other  mixtures  of  solutions  the  lowest  results  were 
obtained  when  precipitation  was  made  in  the  heat. 

In  consequence  of  these  results,  it  is  clearly  evident 
that  the  most  correct  results  are  obtained  when  precipitation  is 
made  in  the  cold  and  the  ratio  of  sodium  chloride  to  potassium 
nitrate  is  as  five  is  to  one.    Although  the  influence  of  potassium 
nitrate  is  greater  in  the  cold  than  in  the  heat,  it  is  also  shown 
that  the  counteracting  effect  of  sodium  chloride  is  greater  in 
the  cold. 

In  order  to  investigate  farther  the  effect  of  added  salts 
upon  the  weight  of  barium  sulphate  obtained,  sodium  nitrate  in- 
stead of  potassium  nitrate  was  used  in  connection  with  the  sodium 
sulphate  solution.    These  results  are  given  in  detail  in  Table 
III. 
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Table  III. 

Results  showing  the  effects  of  varying  amounts  of  sodium 
chloride  in  the  presence  of  two  grams  of  sodium  nitrate. 


EXP.     Sulphate    NaCl    Pr*<L,f,Td\;.;w  Vavi'Stt'.*  P«r«.tv.r           Pr«i.prUr,».  Va»,aWv.  Perce^T 

NO.      Solution               ,^rK«  wta*  9r.~wM.»<  iwc»«^&«.        ,  w       c«\a  $,o^r*.\-.<.  ivuLvt^ie 

19.      NaoS0,               183.9  (v<?~*  —  p  191.1  (v^e,~ 

2    4              183.9  tSXT^s  X91.2  ara-iai. 

186.0  176.4)  191.6  178.7) 

187.2  191.8 

average                        185.2  8.8  4.98          191.4  12.7  7.10 


20  "  185.8  185.3 

185.9  189.6 
5.  186.3  189.8 
186.5  191.1 

average  186.1  9.7    5.49  188.9      10.2  5.70 


21.  "  183.0  178.5 

184.8  178.6 
10.       185.2  181.1 
185.8  182.2 

average  184.6  8.2    4.64  180.1        1.4  0.78 


22.  "  15.       176.5  174.7 

177.9  174.4 
181.8  173.9 
182.7 

average  179.7  3.3     1.86  174.3        4.4  2.46 


i 


! 
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It  is  evident  from  the  table,  that  sodium  nitrate  #as 
the  same  effect  upon  the  weight  of  barium  sulphate  obtained  as 
potassium  nitrate  but  not  to  such  a  great  extent.     In  comparing 
these  results  with  those  in  Table  II  in  which  potassium  sulphate 
and  potassium  nitrate  are  used  no  direct  analogy  can  be  traced. 
The  presence  of  sodium  nitrate  with  the  sodium  sulphate  did  not 
increase  the  weight  of  barium  sulphate  to  as  great  an  extent  as 
the  presence  of  the  potassium  nitrate  with  the  sodium,  potassium 
or  mixed  solutions. 

As  was  the  case  in  Table  II,  the  most  correct  results 
were  obtained  when  precipitation  was  made  in  the  cold  and  in  the 
presence  of  ten  grams  of  sodium  chloride. 
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As  it  was  found  that  the  use  of  filter  papers  for  filtra- 
tion and  the  Gooch  filtration  gave  very  nearly  identical  results 
in  the  case  of  pure  sulphate  solutions,  it  was  decided  to  extend 
this  investigation  to  instances  where  added  salts  were  present. 

1.  Pure  sulphate  solutions. 

Milligaains  of  Barium  Sulphate. 

Porcelain  Crucibles  Porcelain  Gooch  crucibles 

one  filter  used 

174.9  175.5 

175.0  175.0 

174.6  175.0 

175.0  174.8 

175.2  175.0 
174-4  175.2 

Average      174.8  175.1 

175.8  176.3 

175.8  176.4 

176.4  176.6 

177.3  176.5 
Average      176.3  176.4 
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2.  Sulphate  solutions  in  which  two  grams  of  potassium 

nitrate  and  ten  grams  of  sodium  chloride  are  present. 

Milligrams  of  Barium  sulphate. 

Porcelain  crucibles  Gooch  crucibles. 

One  filter  used. 

177.3  183.1 

179.1  183.4 
179.7  183.6 
179.9  185.4 

Average      179.0  183.9 

176.0  178.0 

178.7  178.2 

178.7  179.1 

  179.2 

Average      177.8  178.6 

177.2  179.3 

178.2  180.6 

178.3  181.0 
178.6  182.4 

Average      178.0  180.8 
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It  is  very  evident  flrom  the  above  figures  that  these  two 
procedures  do  not  give  identical  results  when  pure  sulphate  so- 
lutions are  not  used.     In  all  three  experiments  the  Gooch  cruci- 
ble filtration  gave  higher  results.     This  might  be  explained 
in  two  ways:    First,  as  it  was  necessary  to  use  a  thick  pad  of 
asbestos  to  retain  the  barium  sulphate,  it  might  have  been  im- 
possible to  wash  this  mat  free  from  the  added  salts  although  the 
washings  gave  no  test  for  chlorides.     Second,  the  precipitate  is 
cearser  when  the  precipitation  is  made  in  the  presence  of  added 
salts  than  when  it  is  made  from  pure  sulphate  solutions.  There- 
fore, as  the  porcelain  crucibles  are  heated  with  a  direct  flame 
it  is  very  probable  that  this  higher  temperature  breaks  up  the 
precipitate  to  some  extent  and  some  of  the  occluded  substances 
are  driven  off.    Again,  these  lower  results  with  the  filter  paper, 
might  be  explained  by  the  facet  that  the  sulphate  is  reduced,  but 
it  will  be  noticed  that  the  weights  of  barium  sulphate  obtained 
are  higher  than  the  theoretical  value. 

As  the  presence  of  two  grams  of  potassium  nitrate  has  a 
very  decided  influence  on  the  weight  of  barium  sulphate  two  ex- 
periments were  carried  on  containing  a  smaller  amount.     The  results 
show  that  the  increase  of  the  weight  of  barium  sulphate  is  not 
proportional  to  the  weight  of  potassium  nitrate  present.     Yet,  it 
is  evident  that  a  very  small  amount  would  cause  an  increase  in 
the  weight  of  barium  sulphate  as  the  presence  of  0.5  gram  caused 
an  increase  of  4.65  per  cent.     The  addition  of  one  gram  of  po- 
tassium nitrate  gave  a  further  increase  in  the  weight  of  barium 

sulphate.    The  presence  of  ten  grams  of  sodium  chloride  with  0.5 
nitrate 

gram  of  potassiumAlowered  the  increase  to  1.75  per  cent  and  the 
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presence  of  the  same  amount  of  sodium  chloride  with  one  gram  of 
potassium  nitrate  gave  a  greater  lowering,  to  0.96  per  cent. 


Exp.  Sulphate  20  fo  UaCl  wt.  BaS04  Per  cent 
Uo.      Solution    KN03      grs.         mgs.  increase 

c  .c. 

30.      mixed  183.1 

184.9 

2.5  185.0 
185.3 

average  184.6  4.65 


31.  "  188.8 

189.1 

5.  189.2 
189.4 

average  189.1  7.20 


32.  »  178.7 

10  178.8 
2.5  179.9 
180.8 

average  179.5  1.75 


33.  »  178.8 

179.9 

5.  10  177.5 

176.4 

average  178.1  0.96 


As  but  two  experiments  were  carried  out  on  this  point  it 
is  difficult  to  draw  definite  conclusions,  however,  it  is  proven 
$hat  a  small  amount  of  potassium  nitrate  will  increase  the  weight 
of  "barium  sulphate.     If  the  ammount  of  potassium  nitrate  present 
is  small,  its  relation  to  sodium  chloride  as  one  to  ten  gives 
very  good  results. 
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SUMMARY. 

1.  For  pure  sulphate  solutions  precipitation  in  the  heat 
and  in  the  cold  give  results  which  are  nearly  identical. 

2.  If  added  salts  are  present  precipitation  in  the  cold  gives 
the  most  accurate  results. 

3.  The  presence  of  potassium  nitrate,  even  in  small  quanti- 
ties, causes  an  increase  in  the  weight  of  barium  sulphate  found. 

4.  The  pr  esence  of  sodium  chloride  with  the  potassium  nitrate 
in  ratio  varying  from  twenty  to  one  to  five  to  two,  counteract 
this  influence.    Other  ratios  would  probably  have  the  same  effect 
but  these  were  used. 

5.  In  the  case  of  pure  sulphate  solutions  filter  paper 
f iltrations  and  (Jooch  filtrations  give  practically  the  same 
results. 

6.  When  barium  sulphate  precipitations  are  made  in  the 
presence  of  added  salts,  filter  paper  filtrations  give  the  best 
results. 

7.  por  most  accurate  results  precipitation  should  be  made  in 
the  cold  and  filter  papers  used  for  filtration.     If  sodium  chloride 
and  potassium  nitrate  are  present  they  should  be  in  a  ratio  of 
five  to  one. 
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